This paper reports the results of further investigations of the transmission and retention of inoculativity of potato leaf-roll virus (PLRV) in the green peach aphid, Myzus persicae (Sulz.).
which proved to be immune to PLRV. The relative concentration in the aphids was determined by the transmission by aphids injected with the virus inoculum at a certain dilution at various intervals. As shown in Table 2 , the virus was detected in extracts up to a 100-fold dilution after a 1-day acquisition feeding, but not from those of aphids kept on turnip plants for more than 3-days. However, the aphids as a virus source were capable of transmitting the virus even up to 12 days after leaving the infected plants.
When the extracts from aphids given a 2-day acquisition feeding were used as inocula, the virus was detected in 10-fold diluted extracts from the aphids kept on turnip plants for 3 days after leaving the infected plants, but was not found in the extracts of aphids kept on turnip plants for more than 6 days. Furthermore, the virus was detected from 10-fold diluted extracts of aphids kept for 4 days and also from 5-fold diluted extracts of aphids kept for 6 days on turnip plants after feeding on infected plants for 4 days. The results suggested that the virus concentration of extracts from viruliferous aphids decreased gradually, when viruliferous aphids were held on turnip plants, and that the virus detection from insect extracts was dependent on the length of the acquisition feeding period of the source insects. Table 2 . Relative concentration of PLRV in green peach aphids after different acquisition feeding periods a) One hunred aphids fed on an infected plant were ground in 0.1ml of 0.1M phosphate buffer (pH7.4). b) Five injected aphids were placed on each test plant for 4 days. Numerator is the number of plants infected; denominator is the number of plants inoculated. c) Aphids given a 1-day acquisition feeding period were placed on test plants for 1 day.
One aphid was used per test plant.
Recovery of PLRV from internal organs and blood of viruliferous aphids
The virus was recovered from the guts and blood of aphids given a 4-day acquisition feeding on infected plants, but not from the salivary glands (Table 3 ). It was found that blood from viruliferous aphids was a good source of inoculum. 5. Detection of PLRV from blood of aphids after injection of the virus As shown in Table 5 , the virus was detected in the blood of aphids injected with extracts obtained by homogenizing 300 aphids given a 4-day acquisition feeding period in 0.1ml of 0.1M phosphate buffer, pH7.4.
However, when only 100 aphids (per milliliter) were used, the virus was not detected. PLRV was recovered from the blood of injected aphids up to 2 days after injection of the virus into aphids, but not recovered from the blood of injected aphids kept on immune plants for more than 4 days. Table 5 . Detection of PLRV from blood of green peach aphids after injection of the virus a) Virus-free aphids were injected with extracts made by grinding 300 aphids that had been given a 4-day acquisiton feeding in 0.1ml of 0.1M phosphate buffer (pH7.4). b) Three injected aphids were placed on each test plant for 1 day. Numerator is the number of plants infected; denominator is the number of plants inoculated. c) Blood from one injected aphid was injected into one virus-free assay aphid. Three injected aphids were placed on each test plant for 4 days.
However, aphids obtained from the same source were capable of transmitting the virus up until 12 days after the acquisition of the virus by injection.
Discussion
There is evidence that persistent aphid-borne plant viruses, such as PLRV, lettuce necrotic yellows virus (LNYV), and sowthistle yellow vein virus (SYVV), propagate in their aphid vectors. It was suggested that systemic infection of the aphid vector by LNYV could be explained as evidence of virus multiplication in the vector6). Evidence for the multiplication of SYVV in its vector was supported by electron microscopic demonstration of nuclear infection in cells of the salivary glands8), and by serial passage of the virus from insect to insect using the hemolymph of the vectors14).
In the present investigation, the inoculativity of aphids to transmit the virus decreased after virus acquisition by injection, irrespective of the amount of virus injected; the retention period of inoculativity and virus transmission were dependent on the concentration of virus injected as inoculum; the latent period in the injected aphid vector was prolonged as the dose of virus in the inoculum decreased. These results support strongly the conclusion presented in the previous papers10,11). Paliwal and Sinha7) also reported the same phenomena in the aphid transmission of barley yellow dwarf virus (BYDV). In the case of pea enation mosaic virus virus (PEMV), however, Sylvester and Richardson13) reported that the duration of the retention period was a function of the age of the vector at the time of acquisition feeding rather than the length of the acquisition feeding period. The minimum latent period in the vector of SYVV, as well as the length of the retention period of the virus by the aphid vectors, was independent of the length of the acquisition feeding period2). PLRV concentration in viruliferous aphids decreased gradually after leaving the source plants, irrespective of the length of the acquisition feeding period. PLRV, however, was maintained in the aphid vectors for a longer period by prolonging the acquisition feeding period.
In addition to the homogenates of viruliferous aphids, PLRV was also detected in the blood for a long time after acquisition of the virus by using aphids that were allowed to feed for a prolonged period. Therefore, the virus in the blood of the viruliferous aphids seems to be responsible for the retention of inoculativity. This suggests that blood may play a role in the storage of the virus within aphid vectors.
Attempts to maintain inoculativity in serial transfers using homogenates or blood of viruliferous aphids were unsuccessful, although Stegwee and Ponsen9) succeeded through the aphids. The same failure in serial passage was also reported in PEMV13) and BYDV7), respectively. PLRV was detected only up to 2 days in the blood of aphids which acquired the virus by injection with a massive dose of the virus. On the other hand, ingested aphids from the same source were capable of transmitting the virus to plants even up to 12 days after injection. This fact suggested that the amounts of the virus in the blood of injected aphids was not enough for detection by this method. The results of virus recovery with the blood of the injected aphids were the same as for those following an acquisition feeding period.
From these facts, it may be concluded that PLRV circulates and then accumulates in the blood of aphids without multiplication in its vector.
